Sanyo LC8950 Real-Time Error Correction & Host Interface Processor 


t. INTRODUCTION 


The LC8950 and LC8951 Real-Time Error Correction and Host Interface Proces- 
sors (RCHIP) are dedicated single-chip LSIs for use in CD-ROM (Mode 1) and 
CD-I (Mode 2, Forms | and 2) disc formats. The LC8951 Is hardware and 
software compatible with the LC89S0. The differences in iinet 
between the two chips is described in appendix E. 


The LC89S50 RCHIP performs real-time data decoding (error Saket _~ 
correction) and implements the host interface, which incorporates.a first-in 
first-out (FIFO) command buffer suitable for Small Computer =. Interface 
(SCSI) applications. 


The following figure shows a typical system implementation haa a CD- ROM 
disc drive using the LC&950. - 
















aati ibe Host Computer 
incorporating or Other 
DSP Serial Digital 4." Application 
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rO Teranerexternal data buffer. This distributed architecture allows both con- 
“ration and control parameters to be defined during product development, 


SMeing that the device can be easily incorporated into existing and future 
applications. 


The LC8950 RCHIP is fabricated using a low-power CMOS process, operates 
on a standard single +5 V power supply, and is available from stock in 80-pin 
plastic flatpacks. 
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1.1 Features 


e Suitable for both CD-ROM (Mode 1) and CD-1 (Mode 2, Forms 1 and 2) disc 
formats 


e All dedicated CD-ROM/CD-I functions provided on-chip 


e Real-time error detection and correction in hardware without 
intervention using pipeline processing architecture 










e Transparent design separates command functions from hardware ‘antroL’ 
¢ Host system sees decoded data only in final error-free forfiye:  ~ 


e Burst data transfers of up to 2.3 MB/s to host ——— 


soned hosts. &- 


¢ Support for real-time erasure correction, detect-and 
CRC error detection, without interruption of hostgat gt 


e Host interface incorporates FIFO command b nt . 


trons. 
e Single-chip LSI : o 
e Low-power CMOS process Stig 7 ~ 
e Single +5 V power supply fe 
e Available in 80-pin plastic flatpacks e 
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2. BLOCK DIAGRAM 
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“Wigure 2. [C8950 Real-Time Error Correction and Host Interface Processor 
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3. SYSTEM CONFIGURATION 
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Figure 3. LC89S50 System Configuration 


Design Manual 4 


Sanyo LC8950 Real-Time Error Correction & Host Interface Processor 


LC8950(RCHIP) 


XTALCK XTAL.. 
(PN25) (PN 26) 


. 
ae osaele, 
a oe 
ate len 

mae 
Rad 
fae eee 


Cl 








R2=47Q 25 
i. : 
Cl = A0pF races 
i EES, ahs he 
Crystal] frequency = 16.93444MHz Pee 
i, ere 
Figure 4. Typical Clock Circuit, 


i* : mee ee 3 7 
ne ane 





Design Manual 


Sanyo LC8950 Real-Time Error Correction & Host interface Processor 


4. FUNCTIONAL OVERVIEW 


Data input, decoding and data transfer in the LC8950 RCHIP take place simulta- 
neously and in parallel using a pipeline architecture. These operations pro- 


ceed in real time under synchronous clocking, without the intervention of the 
external controller. 


The LC8950 is divided into three functional blocks. 
e Data-input block 


e Error-correction block, and 






¢ Host-interface block i 
The operation of each of these blocks is described in detaiybelow,. _ 


4.1 Data-Input Block 
This section of the LC8950 interfaces with the serjakajata 1a Hagput of the digital 
signal processing (DSP) unit in the CD equipment.* " 


The LC8950 data input interface can be aes ae KK, a variety of CD 
equipment. Simply by setting the CSEL and LMSEL pins, the equipment devel- 
oper can select one of three serial data input formats. 


a ee ee 


The LC8950 synchronizes on-chip opérations with the incoming data stream” 
by detecting the sync patterns at the héad of every data block. Programmable 


functions for pattern recognition and sync protection can be turned on and off 
as required. faa | 
Ni. 


Once detected, input data pass throvgh a keandoe 3 al vy are written to a 
64 Kbytes (max.) data buffer, Poi Him with the C2 pointer error flag) received 
from the CD equipment. The entire 2352 bytes of data in each block, including 


the sync pattern, cae subheader and ania | data, are written continuously 
into the data bulfer,.«: Chae , 





y a z: 


Om tee 


9-bit words; when disabled, an 8- bit RAM architecture can be selected. How- 


ever, inhibiting the C2 pointer disables the player's double error- -correction 
function. oe 


The LC8950 also has a master clock output (MCK) which can be connected to 
the clock input.of the digital signal processor on the CD equipment. As the 
clock signatto MCK passes through a binary prescaler, the clock frequency for 
the LC8950 should normally be set at twice that required for the CD-DSP clock 


a etste uN ea 


ee 





‘7D stele 


eae detect-and-correct algorithm, which does not use error flags. can Cor- 
rect one symbol error per codeword. 


The LC8950 error-correction block can also examine the C2 pointer and 
erase error bytes flagged by the CD equipment. When erasure correction is 
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enabled, two symbol errors per codeword can be corrected. Erasure error cor- 
rection is also performed in real time without degrading data throughput. 


This correction algorithm is programmable, and can be instructed to per- 
form repeated or QP/PQ correction strategies to achieve higher data rellabllity- 


The LC8950 decodes the error-correcting code. Error-detection code is 
used with a 32-bit cyclic redundancy code (CRC) to check errors still remaining 
in the current block. During these operations, the header and subheader data 
are stored in separate registers for use by the controller. 


A decoding-complete interrupt is sent to the controller when the CRC check 
is completed and the current data block is ready for transfer to. the host. The 
remaining in the current block, controller can then read out ‘the: header and 
subheader data, the address of the block head in the data cabal and the status 
information about the decoded data. : 


4.3 Host-Interface Block 


The host interface allows data transfers in bursts at uD to. 2 3 MB/s. In additton, 
a data buffer of up to 64 Kbytes can be allocated, allowing the LC8950 to cache 
up to 27 decoded data blocks. This buffer can also. be ‘implemented as a disc 


The host interface also has a built-in 8- byte FIFO aciiled buffer to receive 
instructions from the host computer. When the host signals the LC8950 using 
the HWR pin, command bursts of up to eight bytes in length can be written to 
the buffer. When the host writes to vas 4sewahin buffer, the LC8950 sends a 





does not interpret commands written to o the nameeuhial buffer, 


The LC8950 can send data to the host either under software’ with WAIT con- 


trol, or with DMA transfers using data request controls. 7 as ) apenas pin is 
used to control the type of data transfer. 


When SELDRQ is AEGH., ‘th ik €8950 uses dean. transfer mode. In this 
mode, the controller plac Fd WS e number of bytes to be transferred and the data 
buffer address of the bl@tk hi x : Sptopriate ¢ontrol registers, and 
then writes to the trafifer- “stagt register. This action sets the pin DTEN to LOW, 
informing the host that date transfer will start. When-the host sees that DTEN 


is LOW, it sats CMD to HIGH. instructing the 8950 to transfer successive 
bytes. ® i 


% 
If the: A from the host exceed the LC8950s maximum data rate 
Seige 2: K a7: Yeghe LC8950 sets the WAIT pin to LOW. The host must then 



























a ae SELDRQ pin is LOW, the LC8950 performs DMA transfers using 
) De net mrol and operates ina manner similar toa DMA controller. 


Ble + 2" 
oak CR 


™Vhen the LC89S0 sends a data request signal. the host applies signals at 

De control the data transfer. When the Jast byte is transferred, the number 
in the byte counter reaches the number specified by the controller. This condi- 
tion sets the EOP pin to LOW during the request signal output. At the same 


time, DTEN goes HIGH and a transfer-complete interrupt is sent to the control- 
ler. 
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The controller can also use the LC8950 as an intermediary for communicat- 
ing the CD-ROM drive status or the results of a block decoding operation to the 
host. The controller writes data to a one-byte status register, and the LC8950 
then transmits these data to the host, without modifying their content. The 
controller and host perform handshaking using signals at the STEN pin. 


Since the LC8950 neither interprets nor acts on the command or status reg- 
isters, equipment developers can freely define their own conventiafS™ This 
facilitates both the development of new CD-ROM applications and th corps 
ration of the LC8950 into existing designs. ee: 
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5. PACKAGE DIMENSIONS 


Scale: 5:1 


Unit: mm 
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Figure S. 80-Pin Plastic Flatpack Dimensions 
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6. PIN CONFIGURATION 
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Figure 6. LC8950 Bin Configuration: ; 
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TABLE 2. Pin Numbers, Names and Designations 


[Pin # | Name | Designaior | Pin# | Name | Designator 
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7. PINOUTS 


TABLE 3. Pin Numbers, Names and Functions 


| Serial data byte order control 
(LS8/MS6& first} 
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Pin # Pin Name i/O | Function | 


; 31 VDO — | Positive power supply connection 


LACK 44.1 KHz left & right cnannel separator strobe ~ 


ee 









Buffer input clock 


eee wee C2 error flag pointer strobe | : > ! 


© | Master clock output he . a ; | 


eet att 


roller nout/outout. =" 
D1 vO Controller data input/outopu 


[40 | 02 | (LC8951 has 20 kN pull- up resistors Ghéchip. } 





Controller data input/output. 
{(LC8951 has 20.kN pull-up resistors on-chip.) 





Host data write inp sae . 


= 386... 7 aah 7 Host data read input 


ait Host command/data select 


| 
mee Data transfer WAIT signal/DRQ signal 


O Data enable output 


Design Manual 


13 


Sanyo LC8950 Real-Time Error Correction & Host Interface Processor 


Pin # Pin Name 0 | Function 


Host computer data buffer control output 
(LC8951 RAM chip select} 










Oata wranstetthege s aio (WAIT 
— DRO — 








asus 8 


ae 
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8. PIN DESCRIPTIONS 


GND — Ground pins 
RAO to RAIS — Data buffer RAM and erasure flag RAM address outputs 


The LC8950 uses these 16 outputs to specify addresses in the data buffer or 


erasure data memory, allowing the use of an &Kbyte to 64 Kbyte external 
buffer. 


RWE — RAM write enable output 


NE Es 


The LC895S0 sets this output to LOW when writing data to the external data 
buffer or erasure flag RAM. wk 


ROE — RAM output enable output 


The LC8950 sets this output to LOW when inetiatias data from the external data 
buffer or erasure flag RAM. 


ERA — Erasure flag RAM data I/O pin 


This pin is the data bus for the erasure ms RAM. ‘AS this F pin is a tristate type.a 
pull-up resistor should be used. 


[Ol to [O8 — Data buffer RAM I/O pins ; pit bo 


These pins are the data bus to the external data buffer. As these pins are tri- 
state types. pull-up resistors should be used. 


ot a 


XTALCK, XTAL — External clock signals > 3 


As the LC8950's clock circuit. “includes an on- chip- ie ren a 


16.9344 MHz crystal should be: — to Generate the ime enere MHz mas- 
ter clock (MCK) 7 7 . : 
° i 








ut is used. co, Hherwise. select ; a Y frequertcy that results in both the 


LOW- and HYG awidths longer than 192 clock 
pulses... 





iy ae 


. = ” Clock phase select and serial data byte order inputs 
7 ee a nals select the read timing at the SDATA and C2PO inputs as follows: 
fy A. When both CSEL and LMSEL are LOW: 

i. SDATA is read at the falling edge of BCK. 


ii. The data at SDATA are processed beginning from the most- 
significant bit. 


ill. The edge of LRCK ends the reading of 2- his words at SDATA, and 
Starts the reading of the next word. 
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iv. When more than 16 clock pulses are detected at BCK within one-half 
cycle of LRCK, only the data read in during the i6 clock pulses imme- 
diately before the LRCK edge are significant. 

V. A HIGH-level signal at LRCK identifies the data at SDATA as belong- 
ing to the left audio channel. 

vi. Data at C2PQ is read in at the rising edge of C4LR. Ait 

vii. Signals applied to C2PO flag the most-significant byte the fr the least: 
significant byte of the 2-byte words at SDATA. ue a ee: 
vill. In thls mode, the LC8950 can be Interfaced directly Ae Ae Sony 
CXD1125S digital signal processor. ie iy 
B. When CSELIs LOW and LMSEL is HIGH: a ; heap 
|. SDATA Is read at the falling edge of BCK., oo gf so 3 

ii. The data at SDATA are processed Peiagines wfeom the least- 
significant bit. 

lil, The edge of LRCK marks the start of 
SDATA. When reading is complete te 
minated. i 

lv. When more than 16 clock pulses a are ie atecead at BCK within one-half 
cycle of LRCK. only the data read in during the 16 clock pulses imme- 
diately after the LRCK edge are significant. 

v. A HIGH-level signal at LRCK Identifies the data at SDATA as belong- 
ing to the left audio charinel ee 

vi. Data at C2PO ts read: in ‘at the fifth and jeter BCK pulses after 
the LRCK edge. C4LR Is hot used to supply the ming. 

vii. Signals applied to C2PO flag the least- significant byte then the most- 
significant, byte of. the. t gabyte wo tds at SDATA. 
viii. In this mode. the LC8950 can be interfaced directly with the Sanyo 


LC7860, Matsushita MN6617 or Yamaha TM3815 digital signal pro- 
CESSOTS.*: 


C. When CSELIs eieeeeich vaio is Low: 


7. 
I Se. + 
~ 


SDATA Is read at the rising edge of BCK. 


oe at SDATA are processed beginning from the most- 


. The ie of LRCK marks the end of reading one 2-byte word at 


: ‘SDATA, and starts the reading of the next word. 


Av. When more than 16 clock pulses appear at BCK within one-half cycle 
CE REL o  om ode OF LRCK, only the data read in during the 16 cloek pulses immedi- 
wig "ately before the LRCK edge are significant. 
Vv. A HIGH-level signal at LRCK identifies the data at SDATA as belong- 
Ing to the left audio channel. 
vi. Dataat C2PO is read in at the rising edge of C4LR. 
vil. Signals applied to C2PO flag the least-significant byte then the most- 


Significant byte of the 2-byte words at SDATA. 
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Viil. In this made, the LC8950 can be interfaced directly with the Toshiba 
TC9200F digital signal processor. 


D. No operational mode is defined when CSEL and LMSEL are both HIGH. AS 
this mode is reserved for future use, it should not be used. 


VDD — Positive power supply connections 
VDD should bein the range of 5.04]0%V 


LRCK — Leftand right channel separator clock input 


Supplies the signal which separates CD audio data into ina? for the left and 
right channels. 


Ina half cycle of LRCK. 16 bits of data are read in at SDATA. The rising and 
falling edges of LRCK are used to distinguish between the first and last bits. 


SDATA — Serial data input 


This serial input receives the data after CIRC (Cross intehgeed Reed-Solomon 
Code) decoding. The BCK pin controls the flow of data to the LC89S0. The 
recelved data are stored In the external data buffer. 


BCK — Bufferinput clock 


The clock signal for reading in serial iene at t SDATA is wavnliel to this input. At 
least 16 BCK clock pulses should be sigs ot —— one-half cycle of LRCK. 


C4LR — C2 error flag pointer strobe input’, . : 
Used to supply the strobe signal for reading inthe C2 error flag. “When unused, 
lt should be tled to either VCC or GND. » 





internal timing sianad generat re at BCK araeRCE. - are e stored temporarily 
inaone-bit oe oer * 


MCK — Me pice er ig output 








esa master clock signal of exactly one-half the frequency of 
the cg stalt ganecte at XTALCK. This output is used to provide a common 
clock Lior the clock input of digital signal processor in the CD equip- 


wa on ae a 


RS, RD — WR — Controller interface control inputs 


These are the register select, read and write inputs used to control the opera- 
tion of the controller interface. They are active only when C5 ls LOW. 
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RS selects either the address register (AR) or one of the LC8950's 32 regis- 
ters. AR is aspecial register used to select one of the 32 read or write registers 
on-chip. 


RS = LOW selects direct addressing (AR), whereas RS = HIGH selects Indirect 
addressing (the register pointed to by AR). 


CS — Controller chip select input 


face. 





INT — Interrupt output 


This output transfers interrupt requests from the L898" to a 
when LOW. iis. 


RESET — Reset input 
Forcing this input LOW resets the LC8950. 


ENABLE — Host Interface enable input 


Yes 
This Input selects the LC8950. The host computer Bets ; this input to LOW to 
enable the host interface. 


ona ott 


HWR, HRD and CMD — Host interface céntrpi inputs 


These inputs control the operation of the host Interface. HWR Is the host data 


write Input, HRD. the host data réad- input: “and CMD, Ane. host command/data 
select input. They are active only. when ENABLE } is LOW. en 


i. Setting HWR LOW, HRD HIGH “and CMD LOW instructs the LC8950 to enter 


command write mode. The data at HD] to HD7. are written into the 
LC8950's command register.. 


li. Setting HWR HICH, al d HRD and CMD LOW instructs the LC8950 to enter 
status-read ie fe.data previously written ~ the controller to the 





ss Sere 


ili. Setting HRW HIGH, HRO LOW and CMD HIGH Instructs the LC8950 to enter 
data transfer mode. Datain the buffer are read by the LC8950 and output 
to the host at HDO to HD7. The erasure flag status is output at HDE. 


All other'¢ mbihations of FHIWR LOW and CMD HIGH, and both HWR and HRD 


LOW rie haul and should not be set, as the result of thelr use cannot be 
guaranteed... 


eo tes 









remot tte | Netion of this output depends on the state of the SELDRQ Input. 


hen SELDRQ is HNGH (that is, during software transfer mode), the 
— LC8950 sets the WAIT output to LOW to signal the host to suspend the 
“data transfer. 


WAIT Is held HIGH while DTEN is HICH, and while the LC8950 Is not 
transferring data to the host. 


li, When SELDRQ is LOW (that is, during OMA transfer mode), WAIT functions 
as a DRQ (data request) output to the host computer. 
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WAIT remains LOW while OTEN Is HIGH, and whlle the LC8950 Is not 
lransferring data to the host. 


DIEN — Data enable output 


This output is set to LOW lo signal the host computer that data Is ay to be 
transferred. 


STEN — Status enable output 


This output is set to LOW to signal the host computer that the status byte re 
ready to be read out. F = 


EOP — End-of-process flag output 


The LC8950 sets this flag to LOW on sending the last bytet to the host computer 
using either software or DMA data transfers. 


DOUT — Host computer data buffer control output? - 


This output Is set to LOW to request data from: the host computer data buffer 
when ENABLE and FIRD are both LOW. 


HDE — Host data error flag output 


This output Is used to output error flag. sighats to the host computer. The error 
flag Is output during data transfers when: the. corresponding data bytes are 


being output at HDO to HD7?. When the: tc89s0 is In status-read mode, HDE Is 
LOW. ees BAe 


ar 


ee 
.", ‘ 
eo 


HDO to HD7 — Host data I/O ninth 





es 


Sce appendix £ for the LC895 lL. 
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9. ELECTRICAL SPECIFICATIONS 


TABLE 4. Absolute Maximum Ratings = 










Parameter 














~0.3 to 7.0 
-0.3 to Vo pt0.3 Fae PD sear! 
350 mW MT a < 
-~30to070* | dum |Z 
-55to125 ge 


Supply voltage 
Input/output voltages 
Power dissipation 
Operating temperature 
Storage temperature 
Soldering temperature 






ate tee 


Trp: 


wv 


TABLE 5S. Recommended: Jperating ee 
Pi er ¢2 , 


o- wae 


te 
re range} 


f 


(Over operating free-air temperatu 
ay 






supply voltage i: [" 
Input voltage range. 
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TABLE 6. Electrical Characteristics 


(i) LC8950 


(Input/output level Vpp=4.5 to 5.5V, over operating free-air temperature range) 


Test 
Param Co 


HIGH-level input voltage 
HIGH 


LOW-level input voltage 















All Input and bus pins. 
except XTALCK 





















A ee ae es ae 
Se Pet ee 





HIGH-level output volt- 
age 

LOW-level output valt- 
age 

Input leak Current 
Output leak current 





All.output and bus 
-».,pins, except XTAL 





2 All inputs 
At nigh impedance HDE and bus pins 


(ii} LC8951 


HIGH-level input voltage . 
LOW-level input voltage: J. |Atinput pins except 
. ; -IXTALCK, BUS pins 








HIGH-level input vottage a and RESET 

LOW-level input — ‘. oer 

ieee -level output voll os | All output and dOus 
ge Pe a e rrr, “s t XTAL 

LOW-level output volt mT at: | F “Hop =2.0 mA PINS, excep 

age , Y : . 4 a 

LOW-level output volt- = |loca’- 2.0 mA INT (Open drain out- 

age é oh “4 ie put) 

input leak urrenty p& \VineVes.Voo All inputs 


Output age’ SOME pA [At high impedance |HDE and bus pins 





“ 
aor. 
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10. REGISTERS 


TABLE 7. LC8950 Registers During Reads 


wel awe De | a é 
soil [oon | re ore wre [ ore | ag 


oe ae 


" See appendix E for the LC895 1. 
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TABLE 8. LC8950 Registers During Writes 


) 
bb AR Parts Name Bit? 









ar ol thin Peters le ae 


1010] R10° |CTRLO} DECEN 


ee CTRLI1 SYDEN DSCREN | 


COWREN| MOORO FORMRQ| —| SHOAEN | 
MEE ae : 1 
ce Arte DADA 


Cal Mall Goes a 











wet 


See appendix E for the LC89$ 1}. 
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11. REGISTER DESCRIPTION 


This section describes each of the registers on the LC8950 RCHIP. A range of 
register options including fevels of error correction, can be selected. TMese 


allow fully customized interfaces for both the CD equipment and the host com- 
puter. cake 







Note that several registers operate differently depending or whether a réad 
Or write operation Is taking place. See the read and write — ster tabi aes pe 
previous section for details. yY 


* oe 
es oe 
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11.1 AR — Address Register 









Register Address 


This 4-bit register holds the addresses used to specify the oman S Pa? internal 
data registers (RO to RIS). 


A register address must be loaded into AR before reading wae or ree to 
that register. i. 


AR increments each time a read or write operation is ee at registers 
Ri to RIS. When the register address reaches R15, the next {/O resets it to 0. 
Register 1/O does not increment AR when the register address is.RO. 


AR is selected when RS and CS are LOW. 


sow sate 


_ 5, 
sat ee 
ba 

ow 


a 
a 
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11.2 COMIN/SBOUT — Command Input Register/Status-Byte Output Register 
(Register RO) 


Ouring reads, this register is COMIN, the command input register: during writes 


itis SBOUT, the status-byte output register. A read/write operation to haiiiiiibial 
ister does not increment AR. 


i, ot 


11.2.1 COMIN — Command Input Register a % : 







This register is a 8-byte circular buffer between the] hagt c it ; ; 
troller. Itis configured as a FIFO memory. _ 
) r r - ee 


When commands from the host computer fill, mort bytes of the FIFO 
buffer, the CMDI bitin the IFSTAT register is set to 0, Fordin the INT pin LOW. 


When the command buffer is emptied, Cl Dias. set to. ‘L, and reading the 
COMIN register in this state returns a value of. EPH. 





es 
fi as 
Bs 


11.2.2 SBOUT — Status-Byte Output Register - 





tus isp are passed to the host Byte-by- -byte.’: 


When the SOUTEN bit frf the IFCTRL register has bet been set to 1. writing to the 
SBOUT register sets: the STBSY bit to 0. If the STWAI bit is 0, the STEN pin is 
immediately set to LOW to’inform the host ——- that the status byte is 


vo geet 


ready to beread out. © «* 


If the STWAI bit is set to 1 and the DTEN bit in the IFSTAT registeris also }, 
both the STEN pin and the STBSY go LOW when writing to SBOUT is UT is completed. 
However, ifthe STWAI bit is set to 0 and the DTEN bit is 0, the STEN pin is held 
HIGH unti! the DTEN bit goes -HIGH: thereafter it goes LOW. See figure 13 


: tatus-Byte Processing during Normal Operation and figure 14 Status-Byte Pro- 
cessing wher WAIT is Enabled. 


The, STEN pin (and the STEN bit in the IFSTAT register) goes HIGH under the 












ste eff llowidg, conditions. 





ae ie » The host computer reads the status byte while the STEN pinis LOW. 


e . the SOUTEN bitin the IFCTRL register is 0. 


e The host writes a command while the CMDBK bitin the IFCTRL register is 0. 
e The chip is reset. 
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11.3 IFSTAT/IFCTAL — Interface Status Register/Interface Control Register 
(Register R1) 


During reads this register is IFSTAT, the interface status register. during writes 
itis IFCTRL, the interface control register. A read/write operation to this regis- 
ter automatically increments AR. 


wes eee 


11.3.1 IFSTAT — Interface Status Register 


SIT? | BITE sits | eit2 | eit: | sito Yaw 7 
sree [mer + Jory rec 


This register indicates the status of the controller and host Hitérfaces. 


The operation of the DTEN and STEN bits resembles that of the DIEN and 
STEN pins. They differ in that the rising edges of signals atthe DTEN and STEN 
pins are generated at the falling edge of the signal at pin‘HRD, while the states 


of the DTEN and STEN bits change at rising edge of HRD. See figure 18 Transfer 
Start Delays and figure 21 Data-Transfer Completions... - — 


Bit 4 is unused and always returns a value of bh 















1. CMD!— Command Interrupt 










Interrdptset ‘ a, 
Indicates that there are commana bytes 
Ore esent in the COMIN reolster. ergs 





0 Set interrupt set 
1 Set interrupt cleared 


™~ Writing to the DTACK register clears the interrupt. See Agure 11 Interrupt 
“Me, Control Flags. 





me tle 
oe 
2s Shy 
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DECI — Decoder Interrupt 


0 Interrupt set 
1 Interrupt cleared 


Reading the STATS register clears the interrupt. See figure 1} frierruge 
Control Flags. “ Sc 3 


CW 












4. DTBSY — Data Busy 







Operation 





Data-transfer hardware Dusy, ota 
Data-transter handaars te id geri 


(2). 
5S. STBSY — Status Busy 
0 
1 


6. DTEN — Data Enable Ake, 














Status-byté readout t hardware busy 
Status-byte | readot} Lhardware idle 


Operation ° 


Status-byte transtes.ia progress 
No status-byte transfer in progress 





beens 
oe 
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11.3.2 IFCTRL — Interface Control Register 







airs | sits | gits | ita | eit2 | Bit: | eto || Rew 


CMDIEN] DTEIEN | DECIENIGMDBK| Diwali | Stwal loouTeNnlSOUTEN | we 








This register provides control functions for the host interface. 
Resetting the chip clears all bits in this register. 
l. CMDIEN, DTEIEN. DECIEN — Enable bits for CMDI, DTEl and. DECI 


These are all interrupt mask bits. Note that even when a mask bit is set 
to 1, the corresponding interrupt bit in the IFSTAT register is unmasked. 


Setting an interrupt forces the INT pin to LOW. see _— li Interrupt 
Control Flags. 


CMDIJEN, DTIEN and DECIEN do not clear interrupt. requests. The INT 


pin will immediately go LOW if an aha tas is 5 ended (by setting a bit to 1) 
during an interrupt request. | os 


2. CMDBK — Command Break 








Command break enabled 
Geinmand Break disa bled 


A command break is the suspension of data or status-Wpte transfer to the 
host computer caused when the host computer writes a command byte to 
the command buffer. The data- transfer end: Interrupt, DTEI is not gen- 
erated by acommand break... y 


3 > D DTWAI — D a c affran ns sf * Bi ie “# 












Data-wait functian enabled 
Data-wait function disabled 







) ah ait function allows the LC8950 to deiay the hardware execution 
"tee, cla oe until a status-byte transfer (a STEN pin LOW condition) 
is ClECRee In other words. if the DTTRG register is written to while the 





" Ae the data-transfer wait function allows data transfers to take 
“Sp place independently of status-byte transfers. Also note that these enable 
“"Saits do not clear interrupt requests. 


The INT pin will immediately go LOW if an interrupt is enabled (by set- 
ting a Ditto 1) during an interrupt request. 
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STWAI — Status-Transfer Wait 


This bit enables/disables the status-transfer wait function. 


[Status | Operation 
0 Status-wait function enabled 
1 Status-wait function disabled 
The status-transfer wait function allows the LC8950 to delay re 
execution of a status transfer until a data transfer (a DTEN in OA 
tion) is cleared. In other words, if the SSOUT registertgs 4 


DTEN bit in the IFSTAT register is 0, the STEN bit is no not Segre 
DTEN bit is set to 1. , | 


















When DOUTEN is set to 0, any data Tiatigfers in progress are aborted. Sim- 


larly, when SOUTEN is set. to 0, any. status-byte transfers in progress are 
aborted. Te a 





n.d 
Sy Eats 
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11.4 DBCL, OBCH — Data Byte Counters (Registers R2 & R3} 


isbi] “R/W 


es 


| OTElduringreads 





DBCL and DBCH constitute a 12-bit counter used to set or monitor the wines 
of bytes sent to the host computer during data transfers. DBCL 2): and DBCH 
(R3) are the lower- and upper-byte counters, respectively. 


To initiate a data transfer to the host computer, the a an writes the 
number of bytes to be transferred minus one to this counter. Then, while the 
DTEN pin remains LOW, the counter transfers bytes to the host, decrementing 
the counter by one each time a byte is passed. When the count reaches -1, that 


is, when a borrow occurs, the transfer halts anda data: transfer end interrupt is 
generated. 


During a read, Bits 4 to 7 of the DBCH ee ee the Same value as the 


four bits in DTEI (Bit 6 in IFSTAT) and indicate the — of a transfer when all are 
setto |. 


Don eR 


“ate, es, 
7.88 M4 
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11.5 DACL, DACH — Data Address Counter (Registers R4 & RS during writes} 





DACH 


S 










This 16-bit write-only register is used to speci.y the RAM bil br 
head byte of the data blocks to betransferredtothehos. ~ “% 


Once the address has been set, it is incremented auto atically 
bytes are transferred into the 2-byte FIFO transfer.buffex, NOte, t 
the number of times the counter is incremented may got atch the number of 
Pera nsfer are performed 
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11.6 OTTRG — Data Transfer Trigger (Register R6 during writes) 


git7 | sits | BiTs BiT2 } BIT: | BITO 
a ee ee ee 












The controller writes to this register to activate the hardware for data transfer 
to the host. The content of the data written is not ciel | 


must be set to 1. When the data transfer hardware is necnehan the DTBSY bit 


of the IFSTAT (R1-RD) register is set to 0, and the DITTRG register must not be 
written to. 





ve tg OE ee a! 
ee ges 
: 
“— 
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11.7 DIACK — Data Transfer End Acknowledge (Register R7 during writes) 


BIT7 BIT6 BITS | BiTe SIT3 BIT2Z BiT1 sito | aw | R/w 
W- 





ee 


The controller writes to this register to clear the data-transfer enddnterrupt 
condition at the DTEI bitin the IFSTAT register and at the INT pyr. e . 


The content of the data written is not significant. 





‘gel 5s 


- wae 
aed x 
oe oa 





ee ee 
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11.8 HEADO to HEAD4 — Header/Subheader Data (Registers R4 to R7 during 
reads} 


seo 2 Lave Tors [oe [ora Tore Tom [oe [ow 


MINUTES/FILE NUMBER 





MODE/CODING INFORMATION: . 


These registers are used to hold the header and subheader data of the current 
block. 


To read the header data set, the SHDREN bitin the » CTRL register is set to 0: 
to read the subheader data, set SHDREN to }. The following byte numbers cor- 


respond to the block (sector) byte numbers in Modes 1 and 2in — the head 
of sync block is Byte 0. | : 


¢ When SHDREN is 0: . * os “ a 


HEADO: Header MINUTES (bye 12)” 
HEAD 1: Header SECONDS (byte 13) 
HEAD2: Header BLOCKS (byte 14). ae a : 
HEAD3: Header MODE Sage a: Bee” 


« When SHDREN |} Ss Pa ae a 


ath 
ais 











HEAD2: omit NUMBER tb te 1B or 22) 
| EING INFORMATION (byte. }¥9 or 23) 


ay . “a 


PO Nccur both in the original data and in the designated correspond- 
mm byteSBatec 20 to 23 are read for the subheader data. See figure 7 Sub- 
Ee . the error flags for the header and subheader bytes can be read 

_from CMMSTATI register. After error correction, these registers display the 
ae eeeveumitiageader and subheader data of the current block. 
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Of 


eyeg Japeayqns “7 eansig 





iy 


. 


Subheadér into RCHI P Rs HEAD 0 to 3 registers 


os 


(byte #) Bo Ee byte dt) 


fit 
- 


aoe 


Pe 
Bese" 
a x » 7 
* * Pull . 
soe a 
ae. 
gS 





| J6 oF 20... 


Et 
a 


2 


17 oF 21 
Ee. 


* 
“ 
. . 
Pa 
sate 
| a 
2~ 
os 


W8or22/| Heab2:, 


gee 
ae cas 


19 or 23 


- Tee ale 


(SHDREN=1) 


[HEADI!: 


|? Z| 


19 22 






duplicate copies of the 


Mion pro 
Subheader on disc. 





HEADO: holds byte 16. (Byte 20, if byte 16 is flagged as an error.) 





vides 
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example | 
Data Header 


12 13 {4 IS 16 7 18 19 2 2 2 #2 
Estor flags 0 a | 0 0 





Subheader | 


1 0 0 0 0 0 (1 :error/0:no error) 
HEADO I 2 3 (when SHDREN=0) 

Header byte 

Register 12 13 14 IS 


Subheader [byte 
Register 


MINERA BLKERA SHOERA SH2ERA » 
SECERA MODERA SHIERA  SH3ERA_ 
Example 2 


Data 
into RCHIP 


Header ma—  Subheader ——— 





Evorflgs © O08 O 1 O =1 1 













50 0 %e.b 1 (heerror:no error) 


HEADO 
Header 
Register 





Subheader 
Registers 


STAT 1 eS, Ship substitutes bytes 21 and 22 
error flag ue 7 oe | : 


a for bytes 17 and 18, but bit 1 of STAT! 
Ps ister 5 to 1 because both bytes 
fRA BLKERA SHOERA  SH2ERA i cancer Doria lille Le 


2 18 and 22 contain errors. 
MEEMESCERA MODERA SHIERA SH3ERA 





Figure 8. Header, Subheader and Error Flags for HEADO to 3 and STAT 1 Resisters 
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When the LC895S0 is set to monitor-only mode, these registers display the 
header and subheader of the block currently being written to the buffer RAM. 
[n other modes, these registers display the block currently being decoded. 


Aftera reset, the register state is undefined. = 





ee ie 
; acne th os ae a, 
Ps oF at o 


&: 


oleae. ae 
Ae ava” 


Design Manual 


Sanyo C8950 Real-Time Error Correction & Host Interface Processor 


11.9 PTL, PTH — Block Pointers (Register R8 & R93 during reads; Registers R12 & 
R13 during writes} 









IE 5 





PTL and PTH are the Jower and upper bytes, respectively, of wer, wiles a —" 
ters. They hold a 16-bit pointer to the RAM address of the head of the current 


form error correction on any block in the buffer RAM. 


The LC8950 defines the MINUTES byte in the header (Byte i at the head of 
the block and the 12 sync bytes (Bytes 0 to 11) are at the tail of the block. Each 
block contained in the buffer is taken to be the 2352 bytes from the MINUTES 


byte of the header through the 12 sync bytes of the next block. 


The controller can transfer the decoding ‘block back to the host by copying 


the address in this register and dein it to the DACL/DACH register immedi- 
ately after decoder interrupts. ae Bs 


When the WRRQ bitin the CTRLO register i is set to 1, this pointer is updated 
at the sync signal of every 2352- “byte, block... 


After a reset, the register state cis undefined. 
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17.10 WAL, WAH — Write Address Register (Registers R10 & R11 during reads; 
Registers R& & RS during writes} 










bytes, respectively. 


“trapéfer—that is, 
t .a read opera- 
value. To ensure 


This pointer is automatically incremented during, ats 3 
while the DECEN and WRRO bits inthe CTRLO register ar’ nS 
tion on the write address register will mot return a pags 


that the returned value is accurate, the register contents. 
after DECEN or WRRQ has been set to 0. For the ame re } 
WRRQ should be set to 0 before writing an address othis register. 


After a reset, the register contents are undefined. 








- ss: 

fF: a 

f : f 2 . 

ce oo 

»- ~ a. 
al 
7. . a 
‘, oe ore 
: ei eo oft 
—_ . eo oe 
bs Noa + 
ee ° 
sre 
ea i 
“gtr : 
Neyhtes ‘NG 
x tn 
ae 
@ 
se 
“4 = 
done 
x 
7 a 
Mme, eee 
a ete 
Site nytt: oe A 
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11.11 CTRLO— Control 0 (Register R10 during writes) 


pit7 | Bits | BITS | giT4 airt | aito || ayw 


Resetting the chip Sets all the bits in this register to 0. 
1. DECEN — Decoder Enable 


This bit enables/disables decoding functions. 












Status _opeation 


Enabledecode. , ~~ 


setting this bit to 1 enables the decoding functions, including write to 
buffer, decoding EDC (error detection code), and decoding ECC (error cor- 


rection codes such P-codes and Q-codes). This also enables the WRRQ, 
EDCROQO, QROQ and PRQ bits in the CTRLO —er 


2. EDCRQ — EDC Decoding Request 


This bit is set to 1 while DECEN is 1] to Pee the error detection (decod- 
ing EDC) afteranddecodingECC. «. |=. 


The EDC decoding, which is timed v ‘using the LC8950's internal block- 


sync signal, is performed after all other error carreeen ae have 
been completed. 7h, a db bes 


sea ae 


The completion of the EDC déchding generates a decoder interrupt. 
3. ——— Error — van Correct Request ~ 7 “Whe 

















Disable error cdrrection 
of bytes for whicff an error 
has Deen detected, Out not 
yet corrected. 

Enable error correction 

of bytes for which an error 
has been detected, Sut not 
yet corrected. 


: MMe bit to O can suppress miscorrections resulting from too many 
"errors when an efficient error detection algorithm is implemented in the 
"MERC (Cross-interleaved Reed-Solomon Code) decoder, and when errors 
are localized. Error correction improves significantly at higher error rates 
when an efficient CIRC decoding scheme is tmplemented. 


Erasure is disabled when the ERAMRQ bit in the CTRLO register is 0. 
Setting EOIRQ to 0 suppresses error correction. 
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AUTORQ — Automatic Correction Mode Selection Request 


setting this bit to 1/0 during MODE 2 enables/disables automatic error 
correction mode when the FORM bit in the subheader is read. 


This bit is significant only during MODE 2 error correction—that is, 
when the MOORQ bit in the CTRL] registeris set to 1. 













Disable automatic error 
correction. 

Enable automatic error 
correction. 


The CRC check performed by the EDC also differs ing - am. 
FORM flag setting. ~ ye 


ne Erasure RAM — 


Disable eftor flag reads. 
Enable error flag reads. 
Setting ERAMQ to Q disables the” Seasure flag. causing read operations per- 
formed on the erasure RAM: to return a 0 (indicating. AO. errors), so that 
only error detection and.co ‘Tection are allowed.. The O'Setting is used 
when error, interpolation; or previous- -value-hold flags in the CIRC C2 
decoding phase are nat outputted by the CIRC decoder.synchronized with 
the output data, blocks fromabe CD equipment. 


WRRQ — Wri te Request; 





This bit enables/disables writes — the CD equipment to the buffer. It 


also enables/disables updating of the block a (PTL/PTH) each timea 
data block i is received: 


ee | cre | Status | Aaaratar 


“isang Disable data writes to the buffer and 


PTL/PTH uodates. 


Enable data writes to the buffer and 
PTL/PTH updates. 





enc PTLSPT H updates are timed using the LC8950's internal block-sync signal. 


m If error correction is enabled and WRRQ is O, the same data block will 
De processed repeatedly. This allows correction of errors that could not 
be handled in the single pass performed during real-time processing. See 
section 12.5.3 Repeated-correction mode. 
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— 


f, QRQ, PRO — Q-code/P-code Correction Requests 


These bits enable/disable error correction using the Q- and P-cades, res- 
pectlively. 


0 


Disabie Q-code (or P-code} 
error correction 

Enable Q-code {or P-code) 
error correction 





The QRQ and PRQ setting operations are timed to the internal block- -sync 
signal. - 


The block being corrected can be determined by rebiding the header 
registers while the decoder interrupt is set. The block’s.Jocation in the 


buffer can be determined by checking the read, pointer (PTL/PTH) con- 
tents. 


The specified error correction process is ‘perfornid in the order QD. 
PD, QE and PE within each block, where Q and P: indicate the Q- and P- 


codes and Dand E, error correction and erasure. D for.single-error correc- 


tion with detect-and-correct ee and-& for single- or double-error 
correction, also with erasure ae oe -— 


i ee ont 


word; erasure correction corrects. Up to two pater set errors per code wo rd. 


Note that the detect-and-« orrect algorithm canalso: detect and correct 
CIRC decoder miscorrection’ SLOTS which are unflagged: ®y’C2PO. Erasure 
correction, on the other hand, dees not perform any. error detection. 


When the detect-and: sorte algorithm detects a singhe error ina code 
Ti N@enas ascertain if the location for the 

tTrect. The error byte Eynoey is taken to be correct 

sf gyeitab < d if the erasv e@jag and:its location are identi- 
¢ tagMorrected error. When they are not, this indicates that 
ant at other locations, wn cannot be determined. 
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11.12 CTRL1— Control 1 (Register R11 during writes)° 


| svien | SYOEN SCREN OWREN MOORO FORMROMBCKROS 










The reset function clears all the flags in this register. 
1. SYIEN — Internal Block-Sync Insertion Enable ss 


This bit enables/disables the internal block-sync insertign. stg 


Operation 


As each word consists of two bytes, every LJ ayer 
block boundary. Enabling SYIEN prevents 6: - 


Note that the LC8950 is fully synchragized & ‘sth both the inserted sync 
and the detected sync when both are enabled. Seefigure 9 Inserted and 
Detected Sync Synchronization cae ie “RS, 


wae 


eh Oe 


ae 
alee 
vow 





See appendix E for the LC8$5 ]. 
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SYDEN=1 | block (=sector} 
SYIEN=! . 2352bytes, 2352 , €2352 2352 


(SYNCD) 
(SYNC1I) 

(SYNCP) 
NOSYNC 


ILSYNC 


LBLK,SBLK 





(a)NOSYNCandILSYNC 


| block=sector a, 
_ 2s2byes 52352, 238582 


SYDEN=1 
SYTEN=1 


(SYNCD) 





“e ‘oe a . 
= se ih —_— cam ies 


(SYNCI) 


(SYNCP) 


NOSYNC 
SBLK 





ILSYNC,LBLK 0 * * . Pts. 7 ° ie # e 


. “ae gs 








SYDEN2=! : Rie 


SYIEN=0 : 
(SYNCD) 3 





2852 2352, 









(SYNCD 


(SYNCP) 


(c) LBLK and ILSYNC 


Figure 9. Inserted and Detected Sync Synchronization 
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2. SYDEN — Sync-Detected Enable 


this Dit enables/disables sync detection from the input data. 


[Status [Operation 
0 Disable sync detection. 
1 Enable sync detection. 


Enabling this bit synchronizes decoder operations with the sy c 
detected in the input data. 7” 


Note that the LC8950 is fully synchronized with pothth f,! 
and the detected sync when both are enabled. See figure s o*fase 
Detected Sync Synchronization. 


3. DSCREN — Descrambling Enable 





















Disable déscrambling. | 
Enable Sescrametng._ 


Setting DSCREN to 1 allows the LC& $36 0 
if they are CD digital audio signals, - 
4. COWREN — Correction Write § E aa? 8 










Operation 





Sa “Disable errof-byte rewriting. 
Enable — rewriting. 


Setting COWREN to 0 sid EDCRQ to 1, sine CRC checks without error 
correction. Disc biéck error rates can be checked using raw disc data and 
by raanigoriig the CRCOK flag in the STATO register. 


5. MODRQ — —Mode Request 
| This bit t'sets the decoding made. 





This bit should be set manually to match the CD equipment source made. 


«Note that the correct decoder mode setting is not determined automati- 
cally. 


The Mode byte in the header does not change as pre- and post-gap sec- 
(ors and track number identifiers separate the sectors of different modes. 
Also, errors resulting from mode detection before correction must be 
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avoided. In the case of Mode 2, in particular, the Mode byte cannot be cor- 
rected because of its error correcting code definition. 


6. FORMRQ — Form Request 


This flag sets the decoding form. It is significant only when the AUTORQ 
bitin the CTRLO register is 0 and the MODRQ in the CTRL] register is 1. 


‘Status | Operation _ 
0 Mode 2, Form 1 
1 Mode 2, Form 2 
Decoding form settings are used in MODE 2 only and should be set mManu- 
ally. ~ 

7, SHDREN — Subheader Read Enable rt oe 






This bit toggles header and subheader data between registers HEADO to 
HEAD3. 





Operation: | | 







Header data 
Subheader Gata 


Note that the LC8950 has separate. 4- byte registers for the header and 
subheader data. Both the header. and: ‘Subheader of the current block can 
be read by toggling the SHDREN bit. from Otol. : 


“eto, 


eee ems 


oa ake 
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11.13 STATO — Status 0 (Register R12 during reads) 


Resetting the chip clears all bits in this register. 
l. 


9. 
rae ef oe 
on 















sit? | site | Bits | Bits | BITS git1 | giro || Aw 
CRCOK |ILSYNC NOSYNG L8LK MWSHOART] SBLK |ERABLKIUCEBLK | oR = 


CRCOK — Cyclic Redundancy Check OK 7 
Set by EDC in accordance with the results of the CRC ché¢ . 





Incorrect CRC afesulty - os ‘ | 
Correct CRC resujt | : 


been vetloriscel: 


go wo 


NOSYNC — No Sync wo 


Pa & an a 


This bit is set to 1] if the word counter’ ‘reaches 1175 and no sync pattern 
has been detected in the po eaaahe data wat indicates that the decoder timing is 


the CTRLI register is set to L. “hs 
LBLK — Long Block ; is 7 


This bitis set to 1 if no sync signal has been detected while the SYIEN bit 


of the CTRL] register is 0. This ees causes the block length to be 
extended. er ec oe 


WSHORT — Word Short. . 


decoding of the current block. 


Setting this bit suspends decoding of the current block, and is a fatal 
system errot, 


SBLK- —_ - Short Block 


hs detected in an incorrect word counter location and is ignored while the 
SYDEN bit of the CTRL1 register is 0. 


272) ERABLK — Erasures in Block 


« This bit ts set to | when one or more error flags remain after the error- 
~ correction process and are present between the first header byte and last 


EDC parity byte in the current block. 
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8. UCEBLK — Uncorrectable Errors in Block 


This bit is set to 1 when errors remain in one or more code words within 
the current block, which includes the ECC parity area, after the final ECC 
decoding process has been completed. 
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11.14 STAT1 — Status 1 (Register R13 during reads) 













HEAD3 registers. 


Resetting the chip clears all bits in this register. 


MINERA, SECERA, BLKERA and MODERA indicate errors in thea INU TSS, 
ONDS, BLOCKS and MODE bytes in the header of the current) sore cen’ 


SHOERA, SHIERA, SH2ERA and SH3ERA indicate errors int inet aE 
CHANNEL NUMBER, SUBMODE and CODING Sm in bie ete “4 
header. These flags are set only if errors appear in béth 


occurs. 
lal 
3 
; ome: 
eg 
ar: SS se 4 - 
i ° ‘= 
¥ - 
I 4 
i 
oe ie : 
ae Pie 
oi 
Bs 3 
« e mee hy 
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11.15 STAT2 — Status 2 (Register R14 during reads)’° 


f 






The bits in this register indicate the mode and form settings of the: current 


block. 
Bits | Setting 


Mode 1 
Mode 2, Form 1 
Mode 2, Form 2 






x Oon't care 


settings are determined by the status of the AUTORQ bitin the CTRLO register, 


the MODRQ and FORMRQ bits in the CTRL] register and the Form bit readout 
from the CD equipment. 


Resetting the chip clears all the bits in a 


When AUTORQ is set to 1, the mode and ‘form data actually decoded from 
the current block can be checked. If the Form bit in this register differs from 


the Form bit in the subheader, it indicates that the subheader Form bit has 
been corrected. pee, FE 





ale one 





See appendix E for the LC895 1. 
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11.16 STAT3 — Status 3 (Register R15 during reads)* 





Reading this register sets the INT pin to HIGH and the DECi flag to 1 ina 
TAT register, clearing a decoder interrupt. 4 








The unused bits in this register are not significant. 
1. VALST — Valid Status 


This bit is an valid/invalid flag for registers related to Othe 1s , 
rupt. be 


The VALST flag goes to 0 at the same time 7 dechdet interrupt is gen- 
erated, and doesnt goto 1 when the STAT3. register IS. Féad. 


The controller should read all decéder interrupt- -related registers until 
VALST sets to 0. The VALST flag goes to] shortly — the internal sync 
is generated. See section 12.6 Decoder Control. 


ey gee 


2. WLONG — Word Long 


eet 





This flag is set to 1 if word: sais ‘tonger than 192 pulses of the master 
clock are detected when LRC “is either HIGH or LOW..<" 7 


This flag has no effect on decoding operations. 
3. CBLK— CorrectestBlock Fagg, é 


I awe! =, we 
". . , “ 
Pines ot 





See appendix E for the LC8951. 
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12. FUNCTIONAL DESCRIPTION AND OPERATION 


12.1 Command Processing 


To send a command, the host computer sets the ENABLE and CMD = to 0 LOW, 
and loads one or more command bytes into the COMIN register. Lee 


The COMIN register is an 8-byte FIFO buffer used by command write com- 
mands of the host and the read commands of the controller. This register 
allows these operations to be performed using completely independent tim- 
ing. See igure 12 Command Processing (1). a 


if the host attempts to send a command byte when the the command buffer is 
full (that is, the buffer is full at the falling edge of the HWR Signal), that com- 
mand is ignored. See figure 12 Command Processing (2). As the LC8950 does 
not support an external buffer-full signal, the controller should. be designed to 
process commands promptly to prevent buffer overflow. | 


If the controller tries to read the command buffer ‘when there are no com- 
mands (that is, the buffer is empty at the falling edge of.the RD signal), the 
buffer returns a value of FFH. See figure i2 Command. Processing (2). 


Whenever oe are present in the buffer. the LC8950 sets the com- 





setto 1, the nT pin will go Low, signaling the interrupt to the controller. 
— Resetting the chip clears the command buffer 


se 
oe (eee 
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12.2 Status Byte Processing 


If the status-byte output enable bit (SOUTEN) is set to 1, the controller can 
transfer status bytes to the host. When the controller has written a status byte 
to the SBOUT register. the LC8950 completes the transfer to the host. The host 
reads this byte using the HRD pin when the ENABLE and CMD pins are LOW. 


The controller should write to SBOUT only while the STBSY bit of theJESTAT 
register is 1. Writing a byte to SBOUT while STBSY is set to 0 will _ pt pt the 
transfer in progress and the new status byte will be Jost. “. i 

















12.2.1 Ncermal operation 


If the status-wait bit (STWAI) is 1, thereby inhibiting the status-walt fu 
write to SBOUT sets the STBSY and STEN bits in the i iereee 





the HRD pin when the ENABLE and CMD pins are Low. 


When the host starts reading the status byte, the ng 
to 1 to signal the controller that the SBOUT registef tf 
goes HIGH. The STEN bit resets to 1 when ae Stat 





The host should read the status byte only witen the STEN N pin is LOW. If the 
host tries to read SBOUT while STEN is HiGtt: ‘and ifthe controller completes a 
write to SBOUT while the read operation ‘is in‘pragress, the STBSY bit will set to 
O, but the STEN pin and SFEN flag bit will’ go Low - after ae is com- 
pleted —_ indicating that a status byté4 as ready 











Processing during Normal Operation. 


12.2.2 When status byte waitis caiied 


When the STWAI bit inthe 1FSTAT, register is set to Q, the LC8950 checks the 
DTEN bit before sending the status: ‘byte. If the controller has written a status 
byte to SBOUT while DTEN is 4d (that is, thereare no data ready for transfer), the 
status byte is transferred as described in section, 12.2.1 above. 


When SBOUT is written. while OTEN is 0, the STESY bit is set to O. However 
the STEN bit-remains 1 and the STEN pin is held HIGH until the data read opera- 
tion by the host is complete. When DTEN resets to 1, the STEN bit sets to 0 and 
the STEN pin goes LOW. The transfer described in section 12.2.1 can now take 
place. See figure. 14 Status Byte Processing when WAIT is Enabled. 

















12. 2.2. 23:Aborting status he — 


| Reset, 
poate Ly Gait Gf 
oe the RESET pin to LOW or writing to the RESET register resets the 


ie LC8950. thus terminating status-byte transfers. See figure 15 Stratus Byte 
“Transfer Abort (1 & 2). 


2. Setting the SOUTEN bit to 0. 


Setting the SOUTEN bit in the IFCTRL register to QO will abort status-byte 
transfers. See figure 1S Status Byte Transfer Abort (3). 
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3. Setting a command break. 


setting the CMDBK bit of the IFCTRL register to 0 enables the host to send 
commands, inhibiting status byte transfers. See figure 15 Status Byte 
Transfer Abort (4). = 


sisted. cette x 
sca ch Se. LY “ " 
ae neers 
“i ee - ee 2X) 
onal 1" Sy, 
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12.3 Data Transfer 


12.3.1 Summary 


The LC8950 uses a special built-in 9-bit x 2-word alternating FIFO buffer regis- 
ter for data transfers. 


When the controller instructs the LC8950 to carry out a data trangfer, the 
transfer hardware writes the data and erasure flag at the ae ‘TEN iN 





The SELDRQ pin controls the data transfer mode. Whett sR = HIGH, 
software transfer with WAIT control is used. When SELDRQ‘S. 












The data-transfer hardware reads data from the dathbuftér't RAM and writes 


them to the FIFO buffer until the transfer bu i a When the LC8950 has 
transferred the number of bytes specified by the‘contro sae the DTEN pin goes 
HIGH, and a data-transfer end interrupt is generated ( ene 7 pin goes LOW and 
the DTEI flag in the IFSTAT register goes to 0). Te 


wee as 


12.3.2 ‘inaiiitincis data transfer 


woes as 


l. The data-transfer hardware is me és iin a lis written to the DOUTEN 


bit in the IFCTRL register. Wheha reset or other operation sets DOUTEN 
to O, it must be set to | before a transfer begins. 





fu 
2. The numberof bytes tobe transferred minus one is. written to the transfer 
byte counter. The lower byte is written to DBCL, the upper byte, to DBCH. 


Only the four lower bits = DOBCH are significant—they Simit a single 
transfer to 4096.bytes. er a é 





3. The memory address. oof the ‘data to be transferred is set in the data 


address register.: The lgwer byte is written to DACL, the upper byte to 
DACH. ; 7 


4. Awrite is performed on the DTTRG er to initialize the FIFO transfer 
buffer and start the data-transfer operation, and the DTBSY bit in the IFS- 


TAT ah goes LOW. The content of the data written to DTTRG is not 
significant. a 


ee tee 


Caution 


ae fn 


Under no circumstances should the con- 
troller be allowed to write to DBCL, 
DBCH, DACL, DACH or DTTRG while a 
transfer is in progress. 


When the first byte has been written to the FIFO transfer buffer, the DTEN bitin 
the IFSTAT register sets to 0 and the DTEN pin goes LOW. The host can read 


data from the transfer buffer while DTEN is tow. See figure 16 Initiating Data 
Transfer (1). 
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While the host is reading data from the transfer buffer, the ENABLE and HRD 
pins are held LOW, and the CMD and HWR pins, HIGH. When the host reads the 
last byte in the transfer buffer, the DTEN pin goes HIGH and the DTEN bitin the 
IFSTAT register resets to 1. See figure 17 Initiating Data Transfer (2). 








12.3.3 Transfer start delays 


If the controller instructs the LC8950 to transfer data while the DIWAPbit in 


the IFCTRL register is 1, the transfer takes place as described in 1 section 12.3 _ 
above. 


When DTWALI has been set to O, the transfer hardware moves. the first bit into 
the transfer buffer and checks the STEN bit in the IFSTAT register to See ifa 
Status-byte transfer operation is in progress. If STEN is O (that is. a status byte 
is still held in the SBOUT register and has not yet been transferred to the host), 
the DTEN pin is held HIGH and the DTEN bit at | until the status-byte transfer 
is completed. After the host has read the status-byte and $ STEN goes HIGH, the 


DTEN pin is set to LOW and the DTEN bit, to zero. See —: 18 ‘Transfer Start 
Delays. 








This mode is used to block data transfers when te . DTEN and STEN pins 
cannot both be LOW at the same time, for ere when the host cannot 
handje data and status-byte transfers Simultaneously. - 


12.3.4 Software transfer using WAIT control. : ~~ 


itis inactive (HIGH). 


[f the host reads data rela ele auc ee ‘the intenval b er host 
read operations is mo¥vé'than seven, XT ALCK cYock cycles), WAIT signals may 


not be generated. When the-host read i interyal 1 exceeds seven XTALCK clock 
cycles, the transfert uffar emains filled. matkilts 


would set the WAIT BIW to LOW. Note that this WAIT pin activation is a glitch, 


because Beth host and FEC Aransfer buffer reads occur asynchronously. See 














5 
A onl 


is a hSmed to output the HRD read signals when the DRQ signals are gen- 
maeech byte. Note that DRQ is activated after a delay time of two to four 


ae PALCK mein after HRD rises. Figure 20 DMA Transfer using DRQ Control 
ie m> OMA transfer timing. 





12.3.6 Data-transfer completion 


The data transfer operation halts when the number of bytes specified by the 
controller has been transferred to the host. 
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When the host begins to read the final byte of a data transfer, the OTEN pin 
goes HIGH. During this final read operation, the EOP (End-of-Process) pin 
remains LOW while the HRD pin is LOW. EOP can be used to generate the inter- 
rupt to the host CPU or DMA controller signaling the completion of the data 
transfer. The rising edge of the signal at HRD sets the DTEN bit to 1, anda 
data-transfer end interrupt is generated. If the mask bit DTEIEN is ] (that is, 
masking is not set), the INT pin goes LOW. DTEI in the JFSTAT register is 
cleared ta 1 and the INT pin goes HIGH by writing to the DTACK reggste - 
figure 21 Data Transfer Completion. ‘9 














12.3.7 Data-transfer Abort 


Three methods are available to abort data transfers: 
l. Reset. 


Forcing the RESET pin to LOW or writing to the RES&Aregist 
the LC8950, terminating data transfers. See — (2 ig 
(1 & 2). a. 


2. Setting the DOUTEN bit to 0. ee 


Setting the DOUTEN bit in the IFCTRL pony to inf o Ber data transfers. 
See figure 22 Data Transfer Abort (3). 


3. Setting the command break. 


Setting the CMDBK bit in the IFCTRL jeifister to O allows data transfers to 


be aborted by sending a command from. the host. See figure 22 Data 
Transfer Abort (4). he tied? 

The data transfer end interrupt is not generated when any | of these methods 

has been used to abort a data rane : 


: fe ee cay se 
? ane 


mgt 
Le. ae 
a’sne 


‘ise 
Seen a stere?- 5. 
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12.4 Reset 


The LC89S0 can be reset by setting the RESET pin to LOW, or by writing to the 
RESET register. 


During a reset, the following operations take place. 7 
e All tristate outputs enter high-impedance state. aa 
e The COMIN register is cleared. ) 
e All bits in the IFCTRL, CTRLO and CTRL) registers are set to 0. 


« The MCK clock output is suppressed. ee Pha "a 


see ee 
oe a) 
Panel 


ye ” 


i, 
5 
e. 
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12.5 Decoder Operation Modes 


The decoder block of the LC89S0 writes the input data stream from the CD 
equipments digital signal processor to the data buffer RAM and decodes dala 
blocks. In this context, decoding refers to error detection and/or correction 


Setting the decoder enable bit DECEN to 1 enables the decoder interrupt 
and decoder operation. The decoder functional block generates the détoder 
interrupt for the controller each time it completes error detection ant corret- 
tion of a data block. When DECEN and DECIEN are both l, decoder ing ! 













EDCRQ setto 1), or during input inhibit (when WRRQ set to 0) > an 


The transparent pipeline processing architecture of t 
input buffering, decoder operation and data transfers to vk st. 
simultaneously. The following table shows the basjc decode ye that can 
be set by the DECEN, QRO, PRO, EDCRO and WRRQ co giro ‘Sits. Other modes 
can be set by combining these bits. nie a 


= 









"eg 
sf 


ks we: a 
¢ 2 - 
odes. 
BAS 
‘< vt tit, 
o Oe 
t-& fd ay 





TABLE 9. Decoder 






Control Bits 
DECEN WRAQ PRO ibibo _EDCRO 






Mode Selected 













Decoder-disable 
Repeated-correction 
Monitor-only 

Write-only 

: Real-time correction 


_Gronly ¢ correction 


0. = . non-real time: correctia: 


Xx: Not significant 


12.5.1 Decoder-disable shied 


[In this mode, the decoder is disabled and roe not generate decoder inter- 
rupts. Decader;djsable mode is opens by setting DECEN to 0. 


12.5.2. Repeatec- -correction mode 


CD-ROMs ‘usedoubly encoded Reed-Solomon code. The two corrections (P and 
w calt oe aie ania to raise the level of data integrity. 





rection pass has been completed. This allows successive corrections to be 


See appendix E for the LC895 I. 
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applied to the current block only in order to abtain highly reliable data. How- 
ever, in the case of very high error rates, correction of every error cannot be 
guaranteed by this process on every occasion. The number of retries allowed 


by the controller and should be monitored by counting decoder interrupts and 
should be limited. 


Note that entering repeated-correction mode in order to set WRRQ to 0 
should be carried out during the decoder-interrupt interval, that is, when 
VALST is at 0. When VALST goes to 1 while WRRQ is 1, the block ania is 
updated, and decoding of the next block begins. 








12.5.3 Monitor-only mode 


In this mode, the block header and subheader data from the: input data stream 
are loaded into the HEADO to HEAD3 registers, and the corresponding error 
flags (read at pin C2PO) are latched in the STATI ‘register: The data blocks 


themselves, however, are not stored in the buffer sins and are not subjected to 
error detection or correction processing. a 


Since error correction ts not performed, the hance registers hold the unal- 
tered and uncorrected data from the CD digital signal processor. 


Another significant difference between monitor- only mode and the modes 
available when WRRQ is 1 (excluding decoder-disable mode) is the time delay 
in updating the header and subheader register data: 


Under normal buffered operation, the LC8950' s pipeline architecture writes 
the header and subheader to the appropriate régisters (HEADO to HEAD3 and 
STAT1) after the entire block has 2 written into the.buffer RAM and has 


undergone error detection and correction, processing, ‘The register data fora 
given Dlock is available only aftert ‘RE a time for one blog ¢has passed. 





In i ieiapnelineney mode, however, register data are written directly from the 





In this mode, errors *F the input data aresneither detected nor corrected, but 
simply written to the — buffer RAM. s ¥ 


aa 







Errors can*ot be detected and corrected d unleg there is a full block of data 
AM. Thus before starting decoding, the decoder should enter 
aye Sey at least a one-block period until a decoder interrupt is 


This is most commonly used decoder mode. Errors in the CD data written to 
the LC8950 are detected and corrected in real-time. Operations are performed 
on each block in the order QOL, QDH. PDL. PDH, QEL. QEH, PEL, PEH and EDC. 
where these codes represent combinations of the operations in table 10. 
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TABLE 10. Real-Time Correction Mode Codes 


Q-code 

P-code 

Detection correction 

(one symbol correction per word) | 
Erasure correction 
(two symbol corrections per word) 
LS$3-byte plane “a 
MS8-byte plane 
CRC check ae 
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12.6 Decoder Control 


The decoder searches for async pattern in each block of data sent from the CD 


equipmentand uses async signal generated from this pattern to time its opera- 
(ion. 


Decoder interrupts are generated for the controller after the decoding of 
each block. Interrupts are enabled by writing a | to the DECIEN bit in the 
IFCTRL register. This sets the INT pin to LOW and the DECI flag in the IFSTAT 
register to 0 when requesting interrupt processing to the controller after 


decoding as long as DECEN (Bit 7 in CTRL QO) is set to 1. See — il _— 
Control Flags. 


The duration of the active LOW at the INT pin depends ¢ on + ie, operation 
mode in effect. See table 11. 


TABLE 11. Period of Active LOW ai | 






Active LOW 


yw | Interrupt Cycle 
"de (blocks) 





 (=#s) 






Decoder interrupts become inactive imfhediately after the, ATATs register is 
read, or when DECEN is set to Q. 


The following read registers and ‘fligs related to” the decoder should be read 


out whenevera nonwnes da ake, upt is generated. rs 


age 








in: the CTRLO rebister is hy ‘the contents of the WAL 


. registers constantly: gpanges. Accordingly, WRRQ 
should be setitg 0 before reading is attempted. 





See appendix E for the LC895 1. 
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12.7 Block Synchronization 


The LC8950 synchronizes its operations to the blocks in the dala stream 
received from the digital signal processor of the CD equipment by generating a 


block-sync signal whenever it detects the sync pattern at the head of each data 
block. 








Since synchronized decoding is vital for the correct recovery of CERROM 
and CD-[ data, the LC8950 has on-chip block-sync signal circuitry fo handte 


sync-signal pattern errors caused by disc flaws, scratches, Sr oth gt | 
defects. | cag 


It generates an internal block-sync signal each time aks a ee 52- 
of data is received. Thus, if the sync signal derived from t } 


lost, the internal block-sync signal can be used to malntg n Pooper syn- 
chronization. 








Enable/disable flags — SYDEN and SYJEN — can be Set Po both the internal- 
and external-sync signals respectively. [n combinath n thie flags allow selec- 





tion of three synchronization modes. SYDEN and; Sho Id not both be set 
to O as this combination wil! inhibit both sync signals. and risk complete loss 
of synchronization. SR a3* v 


The LC895S0 is generally operated in real-time decoding mode with both 
SYDEN and SYIEN set to 1. This provides the most reliable synchronization 


scheme and allows rapid recovery of synchronization, even when detracking or 
sync pattern errors occur. 


The following four synchronization m modes are e supported. 
¢ No sync mode laa “8 ” 

— No decoding ky : 

— Rough seeks in subcode Q state | 


— In-track jumps for seek"ad gstment in order to pick up y the destination 
sector i. 


Sync hunt mode (SYDEN= L. _SYIEN=0) 





— Enters on-track play. state and waits for real synchronization after seeks 
or track jumps -2 


e Protected sync mode (SYDEN=SYIEN=1) 
— all decoder modes except repeated-correction mode 
Inner rsync mode _ 0, SYIEN=1) 





“fn repeated-correction mode only, the internal block-sync signal should be 
used: that is, SYIEN should be set to 1 and SYDEN to O. This setting completely 


ignores the external-sync signal, since any loss of the external sync would 
interfere with error correction. 


To assist in handling sync errors, the LC8950 maintains NOSYNC, ILSYNC, 


LBLK and SBLK flags in the STATO register. The meaning of each flag is de- 
scribed below. See also figure 23 Block Synchronization (1) to (3). 
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12.7.1 NOSYNC — No sync 


This flag indicates that an external-syne signal was not detected and that the 
internal block-syne signal is being used. When this flag is set, it generally 


means that noise or media flaws have caused errors in the sync pattern that | 


prevent correct recognition. 


If the NOSYNC flag is set each time a decoder interrupt occurs, it signifies a 
malfunction related to a sync-detected SYDEN flag. A SYDEN flag setting of 0 
means synchronization between the internal sync signal and incoming data has 
been lost. A setting of 1 means thatno CD-ROM or CD-1 dataare present. 


12.7.2 ILSYNC — iffegal sync 


This flag indicates that a sync pattern which was out of mers with the interna! 
Slock-sync signal has been detected. This flag is er only when SYDEN 
is setto 1. In othersync modes, ILSYNC is 0.. 


When ILSYNC is set to 1, the LC8950 resets its — block- -sync signal to 
the new timing, truncates the current data block and suppresses error detec- 
- tion and correction for the current block because:there are insufficient data to 
decode the block completely. See figure 23 Biaess Synchronization {I). 


12.7.3 LBLK — Long block 


This flag is set while SYDEN is } and SYIEN i is Ly when async signal has not been 
detected after 2352 bytes of the current block have been received. 


When-LBLK is set, only the 2325 bytes of data from the block head (the first 


byte of the header) are used by the LC8950. arias data are discarded, but 
excess data are written to the buffer. . bio 


The extra data could be transferred to the host computer, but this transfer 


is rarely implemented. Also, the: excess data in the buffer. are kept separate 
from, and has no effect on theagcoding of the next block. 


spelt 
A long block canbe pape: either: by an error in the sync pattern which pre- 
die - block. ta.the former case, the 








At! Seite the thterdial bléck- sync signal) will pre- 
vent LBLK frag being set ay the next sync pattern is detected. See figure 23 
Block ty, a (2). 










12.7.4 sat 


This, ge 
ey or ees 


t block 






jcates “that a sync pattern detected in the middle of a block was 
enabled while SYDEN is 0 and SYIEN js 1. 


in her svt E modes, it remains 0. 


2 appears at every block, itindicates a complete loss of synchroni- 
P ioure 23 Block Synchronization (3). 
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12.8 Buffer Operation 


The LC8950 RCHIP uses an external buffer RAM to temporarily hold the incom- 


ing data received from the digital signal processor of the CD equipment. 
Writes to this buffer are always performed in bytes. = 


As the LC8950 has a transparent bus architecture, data input, the read and 
write operations involved in data decoding (error detection and | costs ction) 






pipeline to the point when it exits the pipeline and is ine eh 


pf mest the CD-l 
qi 7 a 


This real-time decoding delay is small enough é 
specifications in the Green Book. 


< 
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12.9 Caching 


The external RAM buffer has a minimum size of 8 Kbytes (64 Kbytes), which 
accommodates three 2352-byte blocks with a 1136-byte margin. _ 


When a single block caching (8 Kbyte) buffer is used, one block is allocated 
to hold the incoming data stream, one block is used to hold the sector being 
decoded (error detection and correction), and one block is allocated to hold 
the sector being transferred to the host. See figure 24 Single Block Caching 
(Decoder- -Interrupt Control). The SS of these three blocks takes gue 


buffer overflow. “> 


ot hs) 


A larger buffer can hold additional blocks and data transfers to 5 the host can 
be delayed in order to service interrupts. » bl 


Figure 25 An Example of Block Caching in Real- Time , Mode I 
shows the flowchart of the error correction process. In real-time correction 
mode, one block of storage is allocated to the incoming data’stream, one block 
for decoding, and four blocks to data transfer. The four-block data transfer 
area is occupied by untransmitted blocks, the block. currently being 
arhe tale and oe transferred blocks. This’ bap heap known as 


The buffer should be checked for an. a a condition, either when each 
block is decoded (decoder interrupt-controiled caching), or when the transfer 


_ Of each block to the host is completed: Agata ‘tgansfer sie -controlled cach- 


ing). “By anne 


OC To) 
Pola BS 


When an 8 Kbyte buffer is used? rope iat of data must be ‘transferred each. 
time a decoder interrupt is received. ‘If a larger buffer is: ‘employed with multi- 


block caching, checks should be performed to enstire that % i) > total number of 
blocks being transmit ea" and. awe 
specified limit. “ 


















2% 
oh 


Even when a ohe- biggk 6 LidtoM, i 
decoder interrupt, hed Hock bs ing transferred may not yet have been overwrit- 
cAnterrupt was, generated, and the block of data 
Be correct. Figure 24 Single Block Caching and figure 
25 An Exampleof Block aa in Real-Time Ca: A rection Mode 1 show at which 
point di ne g aft.overflow condition the block currently being transferred is 












yer pleted its error detection and correction of the next block. This limitis 
managed by software that counts the number of blocks to be held in the buffer 


RAM. See figure 26 Error Checking in Full Sync Mode and figure 27 Repeated 


Error Correction in Mode 1. 


Design Manual 


67 


Sanyo LC8950 Real-Time Error Correction & Host Interface Processor 


When a multi-block caching buffer is used, the controller should check after 
each block transferred that the number of error-corrected blocks awaiting 
transmission does not exceed the specified limit. 


When the jatter method—data transfer complete-controlled caching—is 
used, one block of data is sent whether an overflow condition occurs or not. 
The status signaling the overflow occurs and is sent to the host using status- 
byte processing. The latter part of the block previously transferred to# Mhost 
is overwritten. The host should discard the entire block already rece 






wed and, 
using the LC8950 command registers, send a repeat request t the cé Rrollgt 
by COMIN, the chip's command register. f 
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APPENDIX A: TIMING DIAGRAMS 
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Note Connection pins between MN6617 and RCHIP are as follows. 
BCK: inverted SRCK, LRCK: inverted LAR, SDATA: SRDATX and C2P O: IPBYTE. 


The intemal clock replaces C4LR (C2 pointer clock). 
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Inside LC8950 RCHIP 
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Figure ll. Interrupt Control Flags 
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* invalid data 
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Figure 13. Status-Byte Processing during Normal Operation 
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Figure 14. Status-Byte Processing when WAIT is Enabled 
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Figure 17. Initiating Data Transfer (2) 
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Operation: ni i 
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Figure 21. Data Transfer Completion 
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Figure 23. Block Synchronization (1 to 3) 
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Figure 25. An Example of Block Caching in Real-Time Correction Mode ! (Block-by- 
Block Transfer) 
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TYPICAL CONTROLLER PROGRAMS 


¢ Real-Time Error Detection and Correction in Mode | 


Fatal Error Check 


START 


sysem [nittalization 





: Command Recerved ; 


; Seek —> Play : 


Pnior block found 


Set Write-Only Mode 
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; 1-Black Transfer i 
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Figure 28. Non-Cached Block-by-Block Transfer 
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FLOWCHART DESCRIPTION 


The steps shown in the preceding flowchart are as follows: 


i. Initialize system settings 


Disable the decoder by setting DECEN to 0, set SYIEN and SYDEN Lo 1 to 


set full sync mode, and enable the descramble function by geet 
DSCREN to 1. : 


li. Data request received from the host computer. 


ili. Seek the spccified block using subcode. 








In actual operation, the controller seeks a block ugg’ rs 
specified block. 


iv. When a block slightly ahead of the desired block isgee ated. 
PLAY function and read outa continuous data stre e. : 






hi, : ~ been written to 


the buffer. Write-only mode is maintained mal this ving ne-block write is 
complete. ra be 


i 
il 


the LC8950 hunts a real sync from the data: stream, this is indicated asa 


NOSYNC~0, ensuring that the device if really synchronized. Protected 


sync mode (SYDEN=SYIEN= 1) should then be set. 


vi. After the write-only mode has.continued for at least one block, enable 


real-time error correction mode ard, set EDCRQ to Vf mmpnearately after the 
decoder interrupt. s , 





a 





vii. Continuing PLAY mode, thecik® the header registers “(HEADO to HEAD3) 
immediately after each decoder interrupt to’see if the desired block has 
been decoded. Also check the! header error flags in STATI. 


ae 


viii. If the desired Block has not been located,. wait for id decoder interruptat 
the next block and check again. . 


ix. When the desired block is located, onal STATO to check the block for fatal 


errors. If CRCOK is: ‘Land WSHORT, ILSYNC, UCEBLK, and ERABLK are all Q, 
the current block is valid data. 


[In the decoder’ S protected sync mode (SYDEN=SYIEN= ~}), the LBLK and 
SBLK flags donot set to 1 on errors, so they do not require checking. if the 
NOSYNC flagis set, the host does not need to be informed of blocking 
“errors immediately as long as the header is checked successively. 


If ‘WSHORT is 1, decoding of the current block is aborted as it is not 

“passible to perform error detection and correction and CRC checking on 
ete -aoth 0 ‘Block. All bytes received, however, are retained in the buffer. Check 
Si the’relationship between XTALCK and LRCK. 


"eh: 





Uf ILSYNC is 1, an insufficient number of bytes have been read in to 
complete the current block, making error detection and correction and 
CRC checking impossible. [f this incomplete block were to be transferred 


to the host computer, the transferred block would include the head of the 
next block. 
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If there are no errors in the current block. compare the block’s head 
address in the data bufier—that is, the pointer in PTL and PTH—with the 
address of the blocks in the transfer queue to check fora buffer overflow. 


Transfer the current block to the host computer. Copy the contents of 
PTL and PTH into DACL and DACH and the number of bytes into DBCL and 
DBCH. Write to DITRG to enable data transfer. The host-interface. control 


signals are used to send the data as described in section 12.3 Data 
Transfer. 


Process the decoder interrupt, the transfer-complete interrupt and the 
command-received interrupt. These interrupts may be. ‘processed asyn- 
chronously and in order. Note that the INT pin generates: only a single 
interrupt signal, even when two interrupts occur at the samé‘time. The 
controller should read IFCTRL to ascertain whether another interrupt is 
pending after the processing of the current interrupt is completed. 


When the desired number of blocks have been read out, disable decoder 
operations and decoder interrupts, and set the CD equipment to PAUSE. 


If the host generates a status request command, suspend decoding, and 


write the status byte to the SBOUT register, and transfer the required sta- 
tus information. 7 


The error handling procedures can be designed to meet the needs of the 


e Perform repeated-error correction for as long as specified and then 
seek the next block. a. 


eh oe EM 
. ee ae ae 


e Give priority to real- time processing. Blocks containing errors are 


passed to the host “— 1 iM with their error status. | 
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e Real-Time Error Detection and Correction in Mode | 





Fatal Error Check 


Blocking Error 





Figure 29. Fatal Error Checking 
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« Repeated Error Correction in Mode | 


Repeated error correction can be implemented by modifying the routine for 
fatal-error checking in the previous flowchart as shown below. 
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Figure 30. Repeated Error Correction 
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Real-Time Error Detection and Correction in Mode 2 
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Figure 3 a -, Automatic Fo rm Checking 
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Figure 32. Real Time Error Correctionin Form | 
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« Data Transfers in Modes | and 2 


1-Block Data Transfer 


Set DBCL, DCBH to 
of Transfer Bytes-1 





Set DACL, DACH toTransfer 
Start Address is Buffer 





Write any value to DTTRG 
to Start Data Transfer 


RETURN 


MODE]1/MODE2-FORM 1: 2047 
MODE2-FORM?2: 2323 wah 


. 


MODEI1: PTL, H +4. ve 7 


Figure 33. single Black Data Transfers 
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The information in this section does not apply to the LC8951. See appendix E. 
l. Buffer Access Time 


The access time of the SRAM devices interfaced to I/O Pins JO] to 108 


must be 120 ns or less. The access time of the SRAM devices interfaced to 
the ERA pin must be 100 ns or less. 


2. Decoder Mode Operation 


When setting the decoder enable bit CTRLO-DECEN (Register 10 during 
writes) to 1, either or both of the buffered write enable bit (CTRLO-WRRQ) 
or EDC decoder enable bit (CTRLO-EDCRQ) must be held atl. 


Note that in the operation mode defined by DECEN@1, WRRQ-O, and 
EDCRQ=0, the header and subheader data cannot: be i cael correctly. 
Monitor-only mode should not be used. i re ee 


3. MCK ae during RESET 


atele” © ate 


ee mele 


inputs on peripherals should be cemeneeen, in this case, the LC8950's 
RESET should be set to HIGH first. a hig bye that of the peripheral. 


setae Ys aiete us 


4. Controlling SRAM Chip-Select Inputs 


Figure 37 RAO to RAIS, RWE and RO: OF Timing shows the timing relation- 
ships between the RAM read address 5S Outputs, sakes La, ieee and the write 
and output enable signals, R RWE and ROE. : 


When the read address of puts RAO to RAIS are. his decoded and 
inputs Of two or more SRAM chips, RWE should 
be delayed by at least {+40 ris, 5. where fis the address dexpd er sa time. 









There may bee 
lap disrupts ue oF ops arto 
40to60ns. *& * 


ees ee 
en 
ae Pe 
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* Pulse width of ROE is XTALCK x 3 
* Putse width of RWEis XTALCK X 2 
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Section 8 — Pin Descriptions 
C4LR — C2 error flag pointer strobe input 


ltis no longer necessary to provide this input as the LC8951 reads in C2PO data 
using internal timing based on BCK. Asa result, the minimal signal connections 
to the CD equipment are as follows. 


Pin 35 should be tied to Voy or Vgs-. 





, eB 
C2PO — C2 error flag pointer input 6. tat” : 


[..] The data at C2PO are read in at the rising edge bE | uh {onal at C2LR {if 
present) or (...] ei 





RCS — RAM chip select a 


The LC8951 uses this pin differently from the. Lc89s0 o's BOUT pin. Tying it to 
the CS pin decreases the power consumptian of the external RAM buffer. If not 
used for this purpose, the pin should be left open. 


— 
eee 


“yy 






ei] [eo fvofanal es | 0 | mo 


ony 
wees ag 





eed 


The LC851 does not use the EDCRO bit. Instead, it Geueuiads includes EDC 
decoding is when any other type of decoding is requested—that is, when at 


least one of the lowest three bits (WRRQ, re, and itis is non-zero and decod- 
ing is enabled (DECEN=}). 


aioe 1 1. 12 2 = CTRL (R11 during writes) 


7. MacKRQ — “Mode Byte Check Request 





mate fe 
ar wae 





rk re 





“This bit, defined for the LC8951 only, enables/disables the mode check func- 
tion. If the mode byte in the raw data is not compatible with the mode 
specified by the MODRQ bit (0 for Mode |, | for Mode 2), this function disables 
error detection and correction (EDAC) processing for the block. 
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status Operation 


| Disable function. 





Enable function. 


The LC8950 does not use this bit or have this function. 


section 11.13 — STAT3 (A15 during reads) a 


CBLK — Corrected Block Flag 


The LC8951 sets this bit to 1 if it has corrected the current block. “> 


section 11.15 — STAT2 (R14 during reads) “ | ee 






ym ae 
ne 


RMOD 3, 2. 1 and 0 — Raw Mode Byte 


These four bits, defined for the LCB951 oilyscontain the results of a prelimi- 


OP id 


RMODO3 = BIT7 + BIT6 + girs’ + Bia + + BITS + EF : — “y RAYE, 
RMOD2=<BIT2+EF sre 

RMOO1 = BIT1 + EF + - an “ 
RMOQD0 = BITO + EF ° a * if 


where + denotesa logical. Ota 









Eve thedower three bits at a mode in the range 08H to 


OFFH. If all four bits nit however, there"is an adgitional interpretation: the 
mode byte cOgtains an ane | 
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RMOD3 RMOD2 RMOD1 RMODO! 






. 0 0 0 Mode Q ! 

’ 0 O 1 Mode} | 

2 0 1 O Mode 2 

: 0 1 1 Mode 3 

: 0 0 Mode 4 

: : 0 1 Mode 5 

: ; { 0 Mode6 | 

; Mode7 *  %]o fF 
1 Q 0 0 Mode $ x 0 or $x 8 “Hae 
' 0 0 1 iis a iy: 


_ 
= © 








e adata block specified in softwatt Mode 2, form 2™: 


» aMode 2, form 2 data block automatically detected Sale ivan 


« aMode 2 submodebyte error ait matically detected during processing 


e amode mismatch detected by the. mode check function (MCHQROQ=1) 
e amode byte errordetected by the mode check function (MCHQRQ= 1) 
NOCOR is invalid if COWREN=0 or PRO=QROQ=0. 


a 





This usage represents an extension of the LC8950's FORM bit, which was 
ibiiacls ae — to Mode 2 (CD-!) blocks, to Mode 1 (CD-ROM) data. 





e eet : Be aes - RFORM }: Frror flag (from C2P0O) for the byte 
oa RFORM2: Form bit from byte 
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RFORM1 RFORMO 






These bits do not reflect the status of the current block, but that of the next 
block, the one to be decoded after the next decoder interrupt. 


These bits are only meaningful for Mode 2 (CD-!) blocks. 


Section 12.3.3 — Transfer start delays | = ar Oo 


eliminated both the need for a delay circuit on the RWE pin: and he risk of colli- 


sions on the 9-line ([O1 to [08 plus ERA) data bus to the € external RAM buffer. 
see appendix F. AC Characteristics. 


As a result, SRAMs with access times of 120 ns or less may be directly con- 
nected to the LC&95 1. 


tote eae 


Pull-up resistors a 
All data bus pins joining the LC8951 to the’ ‘sternal SRAM (101 te to {08 plus ERA) 
and the host (HDO to HD7) have 20 kn pull-up resistors. The INT pin has a simi- 
lar 20 kQ ml up resistor and provides OREN: “drain beatae 


ag # sa ss 
12.4 — Reset /_i be ern 
oh, ae a Rape Boe 
A reset triggered by pulling the. RES l spin LOW no > longer affects the MCK clock 
output. ae ae Oe 









ware ene. 
” 


Peat 


'. 6 
Mgrs ate 





CRCK, '}. 
ERABLK | 


Decoder Mode 


anes 





%, | Invalid No decoding 
“3 Invalid Monitor only mode 
Valid Decoded Write only mode 
ee _| Valid’ Decoded Real-time correction mode 
“ee Valid*" Oecoded Repeated correction mode 


es =O or DECEN=0, the first one block should be ignored. 
= = WRRQ~0 or DECEN=0, the first two blocks should be ignored. 








“"Maction 12.5.4 — Monitor only made 


In this mode, the LC8951 loads the raw block header and subheader from the 
input data stream into the registers HEADO to HEAD3 and latches the corre- 
sponding error flags (from the C2P0 pin) into the RMODO and RFORM bits of the 
STAT! register. but does not store the data block in the RAM buffer or subject it 
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to any EDAC processing. 


These bits do not reflect the status of the current biock, but that of the next 
block, the one to be decoded after the after decoder interrupt. 


section 12.6 — Decoder Control 


The duration of the decoder interrupt (active low at the INT pin) cepr nds. on: 
the decoder mode. : 
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WRRQ+PRQ+QAQ | MODE 
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0: End of pracess 


where ITeXTALCK (RCHIP master cheek} Icycle period time. 


NOTE 1. Only in case WAIT @ Low occurs. If the second HRD falling edge spends more time than these values, W ATT Low will nol er 


2. Minimum time thal the WAIT » Low does NOT appeor. 


3. Assume HRD two Low pulses and one HIGH pulse width ta be 50nsec. 
4. 1IRD is aceepted in the RCHIP bul the host cannot read the valid data on H1D0-7 and EIDE if HRO Low pulse width is <120nsec ‘id > 50nfec 
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TABLE 12. TABLE 12. AC Electrical Characteristics 


Characteristic LCaSS1 Soest: bel 
ee 


ENABLE C=) HWR (Host Write) setup | 30 | 


ee: conchae epee pe 
Ee EM iii ari 2 ee ae 
Te A hia Se Oe a 


Pe fra = = 


=| = 


ee to CMD inactive ae ae 
Ca pee MO toi a A 


OT EN to WAIT inactive 6T—20 6T+50 
Note 2 
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Range 
Characteristic LCB9S5O | LCa9s3 Unit | 


a oS Pe ee 





HRD inactive to ENABLE inactive 



















HAD inactive to EOP in active 


efor a N active to WAIT inactive ae ie i 


) a9 | ¢ WAIT inactrve to HIRO active ti 2 o treet 
a 





<a HAO to valid data setup 


a Roepe era 
a Valid data ta end of data wi 


| 44 | 40) [HR HRO aciwve to OTEN inactive 


Notes: 


1. Only if WAIT=LOW occurs. WAIT=LOM 
HRD Falling edge exceeds aie yes.“ 





Me pulse: to be 50 ns. ase = 


4. If the HRD LOW pulse width; 20 < top < sa hs, the host cannot read the 
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® Reset Timing 
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Figure 41. LC8950/LC8951t Reset Timing 
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Data out delay 
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Que iserted to protect #19 and #20. In itself, #18 does not ensure validity of 
Say the values pins DO to D7. 


2. “The maximum is 80 ns forthe LC895 1. 





Figure 42. LC8950/LC895 1 Host Interface 
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Read cycle 
AAD - PANS (> 

o 
ROE @ 

z Q 
© ©) 
K1~ 108 ERA i 
{(ACHOP in) 

Write cycie 











a & 108 may be directly connected to SRAMs with access times of 
1 ia As o or ms ERA, to SRAMs with access times of 100 ns or less. 


iid ROE should not be LOW at the same ume. RWE should go LOW 40 
to > 60 ns after ROE. 


Os tands for one execution cycle—that is, the inverse of the crystal fre- 
quency. For most implementations it will be 60 ns. 


Figure 43. LC8950 SRAM Interface (Preliminary) 
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Description 
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Read/write cycle 





Notes... 


date . +, zt 
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1. The LC89S#CS pin is PING2, the LC8950 DOUT pin. 


age, ¢ Stands for one execution cycle—that is, the inverse of the crystal fre- 
“e. quency, For most implementations it will be 60 ns. 





3. “The numbers on these timing charts are totally independent of those on 
the preceding page. 


Figure 44. LC8951 SRAM Interface 
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Crystal frequency 7 
Ta Sas 
—— 1, Vo eer | 7 
. ie e 2 0 


Table 4 Test ‘ “Ry ' ag 
Ta= 70 deg. C wa NE 
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O: Host interface enable 





ENADLE 
(1N) 


Crd 0: Command write, status read 
1: Data read 


(TN) 


0: Data transfer enable 


DTEN 
(OUT) 


HRD QO: Hast read 


(IN) 


WAIT O: Host reacl wait 


(OUT) 


1400 to 7 tlost Data [Jus 
(OUTPUT) 


EOF 0: End ol process 


where [TaXTALCK (RCIIP master clock) [cycle period time. 


NOTE » Only in case WAIT » Low act accurs. If the second [IRD falling edge spends more time han these values, WAI WAIT « + Pe wil nat idee: : 
oe Minimum tim time thal the WAIT » Low does NOT anpeas, eo : . 


eee Assume HRD two Low pulses and one FIGIUS pulse width to be SOnsec. ) 
0066 HAD is accepted In the RCHIP wul the host cannot read the valid data on HIDN-7 and HDE if HRD Low pulse width t ¢120asec an > SOnsec 
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Error Correcttion LS!i for CD-ROM/CD-| 








1Overview 
The LC89510 is an error correction LSI for CD~-ROM/CD-1. 









2. Function & Features « 
On chip l2bvte status FIFO ~~ 
On chip SRAM(8kbit) for erasure correction gm, 


et on on 
6 
’ 


CD Equipment 


incorporaung 
DSP 


System - 
Controller 


Circuitry Common a CD-ROM/CD- L. 
toAllCD Equipment... «, Dedicated Hardware. 







| ‘Hest Computer 
» or Other 
Application 


















Serial Digital 
Data Stream 
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Specifications and information herein are subject to change without nance 


PINOUTS 


Pin Numbers, Names and Functions 


Function 


Ground 






Data butler RAM and erasure elagt RAM — 
address outputs me 





RAM write enable 





a) RAMMnput/output. 
C8951 has 20 Kn pull-up r registors on-chip.) 


Mal, accx | 1 | ctock input 
2 Clock output 


Test — 


Serial data Dye order Control 
(.SB/MSB first) 





ie Prmne [ve [rein 


po LACK po | 44.1 KHz left & rignt channel separator strobe 3 













Serlal data input 
a ae Te Butler inout clock 


Controller data input/o i . e i, B: 
(LC8951 has 20 kn puff- Netor: 






One “ Controtier intetrupt 


Sama [1 [rorinencsesa 
[i [retenwtetet 
a ses is Host dala read input 
CPE eer [2 [oevreee vata 
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End-ot-process flag output 












Host computer data butfer control output 
{LC&351 RAM chio select} 


Host data erasure flag tristate output > 


Ground 





Host Gata input/output | 


pect eo Positive power supaly connection 


é: 
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Additional Registers Description 


(R14) CTRL2 (Controi2) 


ERAMSL (Erasure RAM celect) 


O:On-chip RAM used 





1:On-chip RAM not  uise dag | 
(QO is set at RESET) S 


STENC TL (STEN CONTROL) ater 


O : ZSTEN output LOW at that firgt STATS ike is set by micon. 
1 : ZSTEN output LOW at that S7ENTRG register is set to 0. 





QO : ZSTEN — OF at. that STENTRG register. 4S vr to Q- 
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BIT4 ! BITS BIT2 | BIT! | BITO 
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SBOUT | msb Isb 


| | 


FCTRL wCADIEN 


D3cL 1 Ep. 


0) 


D=CiEN Lomax! SDOTWAS tf STWAI = SOUTEN 
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| 
| 
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Q110 


Oli) DTACK 
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note [| Don't care. 


